OBJECTIVE: To evaluate extracellular water (ECW) in the recumbent and the upright position, in overweight and lean women with swelling syndrome, and to correlate the excess in ECW with an increase in capillary ®ltration of albumin (CFA). PATIENTS: Fifty-one women with a swelling syndrome were investigated, 26 of whom were overweight. MEASUREMENTS: ECW was measured by the bioelectrical impedance method, in the recumbent position and again after a postural test which consisted of walking around for 30 min. CFA was studied by an isotopic test using 99m technetium-labelled albumin. RESULTS: ECW increased (b107% of the theoretical value) in 22 of the 26 overweight patients and 23 of the 25 lean patients. The CFA isotopic test was abnormal in half (11a22) of the overweight patients with increased ECW and in three of the four overweight patients with a normal ECW value. It was abnormal in 18 of the 23 lean patients with increased ECW and in the two lean patients with a normal ECW value. During the postural test, a signi®cant (by ! 4%) increase in ECW occurred in a higher proportion of overweight patients tested (14a22) than among the lean women tested (0a5; P 0.04). CONCLUSIONS: The swelling syndrome is indeed related to an increase in ECW in lean and overweight subjects and to a further increase in ECW after a postural test only in the overweight patients. It is also associated with microcirculatory disorders in most of the lean patients who complain of swelling and in only half of the overweight patients with the same complaints, which suggests that other factors (e.g. hormonal disorders) may be involved in the overweight patients.
Introduction
Women often complain of swelling, and this symptom is particularly frequent in those who are obese. The swelling sensation predominates in the lower limbs and is aggravated by orthostatism. 1 When venous insuf®ciency as well as renal, hepatic or cardiac disorders are not involved, we have shown that in most cases the swelling syndrome is related to an increase in capillary ®ltration of albumin and a defect in lymphatic pumps. 2 ± 4 Obesity is associated with expanded circulatory volume and an increased extracellular-to-intracellular uid ratio. 5 Different hormonal disorders have also been reported and may play a role in the occurrence and aggravation of oedema. The renin ± angiotensin ± aldosterone system is enhanced and the release of antidiuretic hormone is increased. 6 ± 9 We have recently shown that after an oral water load, changes in antidiuretic hormone secretion and stimulation of atrial natriuretic peptide secretion or activity are abnormal in the upright position in the obese patients with a swelling syndrome. 10 Bioelectrical impedance analysis is an easy, safe and rapid method for estimating body water and its compartments. The applicability of multiple-frequency BIA was proposed in the early sixties. 11 This method, which has been validated after comparing it with deuterium and bromide-dilution techniques, can predict total body water and extracellular water (ECW). 12 ± 15 The aim of the present study was to evaluate ECW in the recumbent position and the effect of a postural test, both in overweight and lean women with swelling syndrome, and to correlate the excess in ECW with an increase in capillary ®ltration of albumin (CFA).
Subjects and methods

Subjects
Fifty-one women with swelling syndrome were investigated. They were aged 18 ± 71 y. Twenty-six of them were overweight (BMIb27 kgam   2 ). Physical characteristics of the lean and overweight women are shown in Table 1 . All of them were normotensive and none had clinical evidence of venous or lymphatic dysfunction. In doubtful cases, a venous ultrasound examination or an isotopic lymphography was performed and the results were normal. Electrocardiogram, chest X-ray, blood cells counts, plasma proteins, creatinine, bilirubin, alkaline phosphatases and transaminases, and serum TSH were normal. An oral glucose tolerance test was performed in the overweight women and was normal in each case according to the 1985 WHO criteria. 16 All medications affecting diuresis and blood pressure, and any vasodilator drug or venous tropic agent were stopped at least 1 month before the study period. The diet included 100 mEq sodiumaday for at least 1 month.
Methods
Assessment of extracellular water. ECW was estimated by bioelectrical impedance analysis (BIA) using a double-frequency device, respectively 5 kHz and 1 MHz, and four subcutaneous electrodes (IMP-B01, Eugedia, Chambly, France). Electrodes were inserted on the dorsal side of hands and feet, allowing measurement of whole-body impedance. It has been shown that high and low frequency currents predict total body water and extracellular water respectively. 11, 13, 14, 17 The model used to determine ECW was: 0.73 Â Height 2 aZ5 (Z5 being the impedance measured at 5 kHz). 18 The precision estimate of the prediction was calculated by comparison with the dilution method with corrected bromide space: standard error was 1.5 l (A. Boulier, personal communication). Measurements were carried out after 30 min in a recumbent position, 2 ± 3 h after breakfast, after emptying the bladder. Reproducibility of ECW measured with this device was evaluated in 36 women by performing a second measurement after 30 additional minutes in the recumbent position. The coef®cient of variation was 2.65 AE 0.09% (meanAE s.e.m.). During the orthostatic test, the subjects had to be in the upright position for 30 min, and were allowed to walk around only beside their bed. ECW was again measured immediately after lying down.
Isotopic test of capillary ®ltration of albumin. This test was performed as previously described. 2, 4 Brie¯y it was carried out on a subject at rest and seated with his arms maintained horizontally. It consisted of injecting 1 ml of human serum albumin labelled with 99 m technetium (100 MBqaml) into an antecubital vein and measuring the radioactivity externally at the forearm with a gammacamera. Ten minutes after the i.v. injection, venous compression (80 mmHg) was exerted on one arm, inducing vascular stasis and, as a result, an increase in the radioactivity curve. Twelve minutes later, venous compression was removed, inducing a decrease in the radioactivity curve which usually reached the basal level in 1 ± 3 min in normal subjects. The initial decrease, during the ®rst minute, is due to a rapid venous washout of labelled albumin associated with a rapid return of venous compliance to the basal state. The later decrease is mainly due to lymphatic uptake of interstitial albumin. 19 Labelled albumin retention (AR) was evaluated 10 min after the removal of venous compression by calculating the percentage:
residual radioactivity at 10 min À basal radioactivityamaximal radioactivity À basal radioactivity Â 100
Thus AR accounts for both capillary ®ltration of albumin and lymphatic function.
In a previous study of a large series of female controls with normal body weight and without swelling syndrome, we found that AR was equal to 0% in most cases and was always`8%. 4 During the present study we investigated 16 female controls: the mean AE s.e.m. AR value was 0.5 AE 0.4%. 4 Therefore AR was considered to be increased when it was !8%. The last part of the radioactivity disappearance curve recorded after removal of venous compression was also analyzed by the fast Fourier transform method. 2, 20 Four peaks of different frequencies, with amplitudes higher than the other harmonics, were identi®ed. The ratio of the amplitude of low (LF: 2 and 3.2 mHz) and high (HF: 209 and 630 mHz) frequency peaks was calculated. In the female controls of the previous study mentioned above, the LFaHF ratio was never above 1%. In the 16 controls investigated in the present study, LFaHF was 0.08AE 0.21%. 21 A value !1% was thus considered to be abnormal. This ratio is an index of lymphatic uptake of interstitial albumin and is not believed to re¯ect a phenomenon which occurs in blood circulation. Indeed the same test performed with both 111 indium-labelled albumin and 99 m technetiumlabelled erythrocytes has shown that LFaHF is always normal with erythrocytes, even when LFaHF is !1% with albumin. 2 Usually AR and LFaHF are either both normal or both increased. The increase of both indexes indicates that lymphatic pumps are probably overwhelmed by the increase of the capillary ®ltration of albumin. By comparing AR and LFaHF it is possible to relate the 19 Reproducibility of both AR and LFaHF indexes provided by this isotopic method was tested by carrying out two measurements on 10 healthy women with an interval of not more than 2 months between measurements. Both AR and LFaHF for the two tests were fairly well correlated (P`0.001). Reproducibility was also veri®ed with a 1 month interval in diabetic patients. 21 We also con®rmed the reproducibility by carrying out the same procedure 1 h after labelled-albumin injection and inducing a second venous compression for 12 min (unpublished data). 22 
Results
ECW measurements in the recumbent position
Compared with the theoretical value given for height, body weight and age, ECW was considered to be increased when it was higher than 107% of the theoretical value. Such was the case in 22 of the 26 overweight women and 23 of the 25 lean women. The highest value of the measured ECWatheoretical ECW ratio was 167%.
Isotopic test of capillary ®ltration of albumin
Among the 26 overweight women, 13 had an abnormal AR index ( !8%) and 13 an abnormal LFaHF index ( !1%). As a whole, the test was abnormal (with an increase in AR andaor LFaHF) in half of the patients with increased ECW (11a22) and three of the four patients with normal ECW (Table 2) .
Among the 25 lean women, both AR and LFaHF indexes were increased in 18 patients. The test was abnormal in 18 of the 23 patients (78.2%) with increased ECW and in the two patients with normal ECW (Table 2) .
Orthostatic test
This test was performed on 27 of the women, 22 of whom were overweight. According to the value of the variation coef®cient of ECW measurements in the recumbent position, an increase in ECW during the orthostatic test was considered to be signi®cant when it was well above mean 2 s.d., i.e. higher than 4%. A signi®cant increase in ECW was found in 14 of the 22 overweight women. These 14 women had similar age but signi®cantly higher BMI than the other eight who did not show a signi®cant increase in ECW during the test (Table 3 ). In none of the ®ve lean women was the change in ECW during the orthostatic test signi®cant. Therefore the proportion of patients who increased ECW by more than 4% was signi®-cantly higher among the overweight patients than in the lean ones (corrected w 2 4.281, P 0.04).
Discussion
Bioelectrical impedance was used in the present study to measure ECW in overweight or lean women with a swelling syndrome. Under standardized conditions, we show the good within-person reproducibility of ECW measurements, which con®rms previous reports of body impedance by other investigators. 12, 13, 23, 24 ECW was found to be increased in 88.2% of them (45a51). Therefore ECW measurements seem to provide an objective assessment of interstitial oedema. The increase in capillary ®ltration of albumin is well established in the women with swelling syndrome. 2 ± 4 It is associated with a defect in lymphatic uptake of interstitial albumin. These microcirculatory disorders probably play an important role in the occurrence of interstitial oedema. These alterations were found here in about half of the overweight patients and 80% (20a25) of the lean patients. Their role in oedema appears therefore to be more important in the lean patients, whereas in overweight patients other factors might account for oedema. Similarly microcirculatory disorders were present in half the overweight women with an increase in ECW and 78.2% of the lean women with an increase in ECW. Table 2 Isotopic test of capillary ®ltration of albumin in the women with (b107% of the theoretical value) or without ( 107%) an increase in extracellular water (ECW); number of subjects with an increase in albumin retention ( !8%) or lymphatic index ( !1%) 22  10  12  11  11  107%  4  3  1  2  2  Total  26  13  13  13  13  Lean  ECW  b 107%  23  18  5  18  5  107%  2  0  2  2  0  Total  25  18  7  20 5 Thus they seem to correlate better with the ECW expansion in the lean women. The data obtained in overweight women are consistent with other factors, in particular hormonal disorders, playing a major contributive role in¯uid retention in the overweight. The aggravation of the swelling syndrome is common in the upright position, due to an increase in capillary pressure. Our results show that an orthostatic test induces a signi®cant increase in ECW in 63.6% of the overweight women (14a22) within a period as short as 30 min. Regarding the effects of body position on body water measurements by bioelectrical impedance analysis, Gudivaka et al 25 have shown that impedance measured at frequency 5 kHz with electrodes placed on the dorsal side of hands and feet, as in the present study, increased on average by 3% (less than 4% in every case) after a 30 min recumbent period. Thus the threshold of 4% which we considered to be signi®cant for the increase in ECW during the orthostatic test is in agreement with this ®nding. The 14 women with a signi®cant increase in ECW during this test were heavier than the other eight. However, such an increase in ECW was never observed in the lean patients similarly tested, which suggests that postural factors are less important in the lean women who complain of swelling. Nevertheless more strenuous exercise might be necessary to induce a change in body impedance.
Several hormonal disorders have been described in patients with a swelling syndrome, in particular an increase in aldosterone secretion and an increase in antidiuretic hormone. 6, 7 We have recently shown that in the obese women with a swelling syndrome, but not in the lean ones, the water load-induced inhibition of antidiuretic hormone secretion and stimulation of the secretion or activity of atrial natriuretic peptide are more defective in the upright position than in the recumbent one. 10 These hormonal factors may be involved in the aggravation of oedema in the upright position in the overweight women.
In the obese subjects, we have obtained evidence for cardiovascular autonomic dysfunction, involving both parasympathetic and sympathetic nervous systems. In particular, vagal control of heart rate variations during standardized tests 26 and vagal and sympathetic control investigated through spectral analysis of heart rate and blood pressure variations appear to be impaired. 27 The cutaneous vasoconstrictive response to sympathetic activation is also reduced in obese subjects, 28 which may induce an increase in peripheral capillary blood¯ow and capillary permeability. Taken together, these data suggest that autonomic dysfunction may have a contributory role in the occurrence of orthostatic oedema via changes in both capillary haemodynamics and atrial natriuretic peptide dysregulation.
In conclusion, the subjective swelling sensation of obese women is indeed related to an increase in ECW. BIA seems to be an accurate tool for measuring ECW in the recumbent position and its expansion during an orthostatic test. In half of the overweight women, oedema is associated with microcirculatory disorders consisting of an increase in capillary ®ltration of albumin andaor a decrease in lymphatic uptake of interstitial albumin. Hormonal factors are very likely to play a major contributing role in orthostatic oedema, mainly in overweight women.
